Symptom-limited maximal oxygen intake (VO SL) and electrocardiographic responses to multistage treadmill test were determined before and after 3 months of physical training in 14 patients with coronary heart disease. Six patients also had hemodynamic studies done at several submaximal work loads in the upright position before and after training. S-T-segment responses were measured by computer averaging of 100-beat samples.
the S-T response.14 Only a significant modification of the relationship between the amount of S-T-segment depression during exercise and appropriate indices of MV02 might permit inferences about the coronary circulation from electrocardiographic data.14 This assessment requires quantitative data collected at two or more exercise levels14 before and after training, in contrast to previous studies based on comparisons at only one submaximal level of exercise.9-13 The purpose of this study was to determine whether the relationship of the magnitude of S-T-segment depression during exercise to its hemodynamic determinants was altered with physical training in patients with coronary heart disease.
Material and Methods Of 14 male patients (34 to 68 years of age with a mean age of 50 years) with coronary heart disease, nine had exertional angina pectoris, while five were free of angina at all levels of exercise (table 1) . Patients with hypertensive disease, ventricular aneurysm, clinically manifest heart failure, or digitalis therapy were excluded from this study.
Six of these patients also had hemodynamic studies at rest and at selected submaximal exercise levels which were reported elsewhere;1 two other patients from this previous study were excluded since one had a right bundle-branch block and the other low-voltage QRS complexes Circulation, Volume XLIV, September 1971 in the bipolar lead which prevented satisfactory triggering of the computer averaging circuit.
Signed informed consent was obtained from each patient before initiating the study.
After data were obtained from history, physical examination, 12-lead supine electrocardiogram, and chest X-ray for measurement of heart volume, each patient recorded on magnetic tape during the last 2 to 3 min of each exercise level. The mean arterial blood pressure and the heart rate were recorded at the same time as the electrocardiographic data.
The product of the mean peripheral blood pressure and the heart rate (pressure-rate product) was used as an index of myocardial oxygen consumption (MV02) .6d S-TB designates the mean voltage difference from the S-T segment 50 to 69 msec after the nadir of S wave relative to that of the P-R segment 20 to 39 msec prior to nadir of Q in 100 consecutive QRS-T complexes for each period of observation. 17 The physical training program involved individually graded exercise (walking, jogging, calisthenics) for 45 min, three times a week for 3 months.' The same experimental protocol was utilized after 3 months of physical training. Significances of the differences were analyzed by the paired t-test. Results
The symptom-limited Vo2 s increased by 20.8% (P < 0.001) after physical training (table  2) . At maximal exercise, the heart rate (P < 0.01) and the product of heart rate and systolic pressure (P < 0.02) were higher after physical training and were attended by a greater depression of the S-T segment (P < 0.005). At submaximal exercise levels (third minute of stage I) however, the heart rate (P < 0.01), the systolic blood pressure (NS), and their product (P < 0.02) were lower after physical training and the S-T segment was less depressed (P<0.05). During the recovery from more strenuous exertion, after physical training, the S-T-segment depression was greater, but these modifications were not significant ( fig. 1 ) .
The relationship of the magnitude of S-Tsegment depression to the heart rate ( fig. 2) or to the product of heart rate and systolic blood pressure during the multistage treadmill test was not altered by physical training (fig.  3) . Neither was the relationship between the magnitude of the S-T-segment depression and the pressure-rate product modified by physical training in the patients who had hemodynamic studies during bicycle exercise at several he magnitude of the S-T-segment during exercise and the pressureict used as an index of MVo2. The p of the magnitude of the S-Tdepression during the multistage test to the heart rate or to the f heart rate and systolic blood 'as not affected either. Accordingly, es in the S-T-segment response to al and maximal exercise after trainr to result from changes in the mic response to exercise rather than ations in myocardial oxygen supply. ssure-rate product is an incomplete he MVo2 since it does not take into )ther important determinants of imely heart volume, myocardial ty, and systolic ejection time. 5 patients results mainly from their lower pressure-rate product at submaximal exercise. ' The effects of physical training on the relationship between the magnitude of the exercise S-T-segment depression and the product of systolic blood pressure and heart rate are different from those produced by sublingual nitroglycerin. Nitroglycerin indeed modifies acutely this relationship so that the magnitude of the S-T-segment depression is decreased at all levels of exercise despite no change or even an increase in the product of systolic blood pressure and heart rate. ' Relationship of the magnitude of S-T-segment depression to pressure rate product (heart rate X mean arterial blood pressure) during submaximal bicycle exercise, before and after physical training. 
